Metal site cooperativity within cytochrome oxidase.
Low temperature (9-15 K) EPR of isolated bovine heart cytochrome oxidase titrated potentiometrically in the presence of azide reveals the formation of two distinct species of low-spin cytochrome a3(III)-azide which differ in redox properties and g values. Both species are formed with characteristic midpoint potentials during the course of oxidative titration and disappear at higher potentials. The signal appearing at lower potential has principal g values 2.88, 2.19, and 1.64; that appearing at higher potential has g values 2.77, 2.18, and 1.74. A good fit to the experimental data (per cent of cytochrome present in a given paramagnetic state versus oxidation potential) was obtained with a model whereby the gz = 2.88 species arises from cytochrome a3(III)-azide with cytochrome a reduced, which is converted to the gz = 2.77 species upon oxidation of cytochrome a. Potentiometric titration of cytochrome oxidase in the presence of cyanide produces two low-spin heme EPR signals attributable to cytochrome a3(III)-cyanide which are incompletely resolved, but are distinguishable nonetheless. The low-potential signal has peak amplitude at gz = 3.63 and a long high-field tail; this resonance has been seen by other workers in the partially reduced enzyme (DerVartanian, D. V., Lee, I. Y., Slater, E. C., and van Gelder, B. F. (1974) Biochim. Biophys. Acta 347, 321-327). The high-potential signal is much more symmetric about its peak amplitude, which is at approximately 10 G higher field with gz = 3.61. As with the azide complex, the titration behavior in the presence of 2 mM KCN is adequately simulated by assuming that the appearance of the two species is a function of the oxidation state of cytochrome a. Like the a3-azide signals, the a3-cyanide signals disappear upon further oxidation with some characteristic midpoint potential. If the disappearance of the a3-ligand signals with increasing potential is assumed to be the result of antiferromagnetic (or ferromagnetic) coupling of a3(III) (S = 1/2) to CuB(II) (S = 1/2), then cooperativity between cytochrome a and CuB is implied. The data are consistent with the hypothesis that oxidation of cytochrome a raises the midpoint potential of CuB by 55 +/- 10 mV.